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10 RELATED APPLICATIONS 

The present application claims benefit from U.S. Provisional Patent Application 
Serial No. 60/540981, filed January 30, 2004, entitled SYSTEM AND METHOD FOR 
FLEXIBLE ARCHITECTURE FOR DERMATOLOGICAL TREATMENTS 
UTILIZING MULTIPLE LIGHT SOURCES, AND FILAMENT LIGHT SOURCE TO 

1 5 BE USED IN COMBINATION WITH THE SYSTEM AND METHOD FOR 

FLEXIBLE ARCHITECTURE FOR DERMATOLOGICAL TREATMENTS, which is 
incorporated herein by reference, and the present application claims benefit from U.S. 
Provisional Patent Application Serial No. 60/497,745, filed August 25, 2003, entitled 
OPTICAL DEVICE FOR HEATING SIGN USING NIR LIGHT TO PRODUCE 

20 TISSUE SHRINKAGE, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Devices using radio frequencies have been reported to be useful in heating skin at 
depths of a few to many millimeters. Such treatments may produce tissue remodeling or 

25 shrinkage, resulting in clinically useful changes in the morphology or appearance of the 
skin. The RF power can be problematic to apply to skin in that the contact electrode 
geometries and superficial hydration of the skin can greatly affect the coupling of power 
into the skin. Attendant complications include superficial bums, uneven application of 
energy. One reference which discusses the uses of a device for applying radio frequency 

30 to the skin is US Patent no. 6,453,202 US Patent no. 6,453,202, entitled Method and 
apparatus for controlled contraction of collagen tissue 
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Some prior system have provided for a combination of a light source in 
combination with use of RF electrodes to obtain relatively deep heating of dermatological 
issue. Additionally, some efforts have been directed toward developing systems utilizing 
a filament light source to apply light energy to the skin to achieve collagen shrinkage. 
5 However, prior systems have exhibited different significant limitations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a view of dermatological tissue. 

Figs. 2a- 2b show views of an embodiment of a system herein. 
10 Figs. 3a-3b show views of an embodiment of handpiece of a system herein. 

Fig. 4 shows a cutaway view of an embodiment of a system herein. 

Fig. 5 shows a graph illustrating filtering of a broadband spectrum, according to 
an embodiment herein. 

Fig. 6 is a graph illustrating the absorption coefficient of water. 
15 Fig. 7 shows a graph illustrating the penetration of different wavelengths of light 

in water. 

Fig. 8 illustrates an example of a thermal profile in tissue being treated. 
Fig. 9 illustrates the driving of a filament light according to an embodiment 

herein. 

20 Fig. 10 illustrates an embodiment of a system herein. 

Fig. 11 shows a embodiment of a system herein. 
Fig. 12 shows an embodiment of a filament lamp of the present system. 

DESCRIPTION OF THE INVENTION 

25 One embodiment herein provides a number of advantages over some prior 

systems, such as no electrical contact with patient and reduced sensitivity to surface 
hydration. Also using a relatively broadband light source allows for tailored spectral 
profiles by filtering. Further, an embodiment herein provides for a broadband spectrum 
light source, which can be driven to output a range of different treatment fluences, and 

30 allows for control of the skin temperature to reduce the risk of unwanted thermal injury. 
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The device herein can use an incandescent lamp with significant optical output in 
the near-infrared range (NIR) from around 750 nm to 3000 nm. The lamp can be a 
quartz-tungsten-halogen lamp ("QTH"), but other, longer wavelength lamps may be 
useful (e.g. ceramic or carbon elements). A housing serves to couple NIR light to skin. 
5 The lamp is driven with high current supply, and could potentially utilize a modified 

version of the high voltage power supply described in the pending patent application filed 
January 27, 2003 DERMATOLOGICAL TREATMENT FLASHLAMP DEVICE AND 
METHOD, US application no. 10/351,981, which is incorporated herein by reference. 
The desired skin absorbance profile is largely determined by water-based 

10 absorption in the NIR range, because the dermal layers targeted are generally located 1 to 
several mm deep. Fig. 1 shows a cross sectional view of dermal tissue. Layer 102 
corresponds to epidermal tissue which has a thickness of approximately 100|im, and this 
thickness can vary from patient to patient, and depending on the area of skin being 
treated. Layer 104 corresponds to the dermal layer which can have a thickness in the 

15 range of 1-5 mm, and this thickness can also vary from patient to patient, and depending 
on the area being treated. One aspect of the treatment herein is to provide for the heating 
of water molecules in the dermatological tissue being treated. This heating of the water 
molecules, will in turn heat adjacent tissue and where the temperature of the tissue 
reaches approximately 50°C or above, thermal damage to the tissue can be observed. 

20 One aspect of the operation of the system and method herein is to heat collagen, which is 
a protein that makes up much the dermatological tissue, to a temperature in excess of 
50°C. One of the effects of sufficiently heating the collagen, is to cause the collagen to 
change its characteristics as a result of thermal damage. This changing of the collagen 
characteristics is sometimes referred to as a shrinkage of the collagen, or remodeling, and 

25 this shrinkage of the collagen, can result in the reduction of wrinkles, or what appears to 
be a general tightening of the skin, in the area where the collagen has been sufficiently 
heated. 

In general, different effects of due to collagen shrinkage can be achieved by 
controlling the temperature profile in tissue being treated. In some circumstances a 
30 treatment may target both relatively shallow skin tissue, including possibly tissue in the 
epidermal layer, and to also heat deeper tissue in the dermal layer. In some other 
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circumstances the treatment can be targeted at heating the dermal layer in the range of 1- 
6 mm, while minimizing the heating the upper dermal layer and the epidermal layer. 
Regardless of the specific treatment, it is generally desired to provide for some relatively 
deep tissue heating in the dermal layer. 
5 To produce deep tissue heating and potential remodeling, or collagen shrinkage, a 

relatively large volume of skin must be heated. Associated thermal relaxation times are 
measured in 100s to 1000s of milliseconds. Existing art using lamps to heat skin is 
largely limited to volumes relaxation times below 1000 ms. Thermal relaxation time for 
deep bulk skin heating will allow exposures >1 second, and in general to deposit 

10 sufficient NIR energy, exposure times will be >1 second. Thus, as recognized herein a 
device may then be turned on for as long as several seconds to produce the desired 
thermal profile, said profile is based on the knowledge that tissue held at temperatures 
above 50 °C, and preferably above 60 °C, for any significant length of time will 
experience thermal damage, and in the case of collagen this thermal damage can result in 

15 remodeling or shrinkage. 

A simple calculation provides a rough illustration of the heating required to 
produce collagen-changing temperatures. For this calculation consider a cylindrical slug 
of water 3mm thick and 6mm diameter and having a thermal relaxation time of 
approximately 10 seconds. So, heating such a volume could happen more or less 

20 adiabatically in a second. If the goal is to pre-heat skin (water) by 20C in this time, this 
volume of water (approximately 0.1 cm3) would require (20C)(4J/C*cm3)(0.1 
cm3)=approx. 8J. That is 8J/lsec = 8 watts. Assume the electrical to delivered optical 
efficiency of the light source is 5%, then 160 watts of electrical power is required. To 
obtain this efficiency, the source can be smaller in its dimensions (e.g. width) than the 

25 treatment spot size (which is approximately 6mm in diameter). So, if it is a filament, it 
would ideally have a minimum electrical rating of at least 200 watts and be only a few 
mm in size. 

In one embodiment, a source delivering peak powers in the NIR between 10 and 
100W per cm 2 is therefore required. Many generally available 600-1000W quartz- 
30 tungsten-halogen lamps operated at rated power are unlikely to be useful as direct 
sources, since typical power densities at the lamp envelope are on the order of 
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~1000W/20cm A 2 = 50W/cm A 2, with the power density or irradiance falling rapidly with 
distance. The NIR portion of this results in power-in-band densities at the envelope in 
the low 10's of W/cm A 2. Getting higher power densities can be achieved through 
utilization of different possible techniques. One possibility is using a filament light 
5 source for a limited life of operation and overdriving the filament lamp. Another option, 
which could be used alone or in conjunction with overdriving the filament lamp is 
collecting the output light from the entire envelope filament lamp and directing it to skin 
by means a reflector. Another option which could be used in combination with the above 
options, or alone, is employing water cooling of the quartz envelope of the lamp to enable 

10 the use of smaller lamp envelopes. 

Light sources other than filament light sources could also be used, but one of the 
challenges is finding an economical light source that outputs light of spectrum which is 
useful for heating water, or more specifically for outputting light across desired parts of 
the NIR range. For example, it is known that Nd: YAG laser light penetrates too deeply 

15 to effectively heat water in skin at appropriate depths to perform skin remodeling. The 
effective penetration depth is a function of the reduced scattering coefficient and the 
absorption strength of (mainly) water in skin. It is desirable to use somewhat more 
shallow penetrating light by seeking a waveband in which absorption is somewhat 
stronger than 1064nm in water and in which scattering is no greater than the 1064nm 

20 wavelength in skin. Light falling between 950 and 1400nm has an absorption depth in 
water that varies between 1 and 28mm. Taking into account scattering in a simple model, 
the effective penetration of NIR light in skin in this wavelength range varies from 
approximately 0.3 to 2.0 mm. Filtering the NIR light produced by a filament lamp can 
result in an effective penetration depth (function of scattering length and absorption 

25 depth) that can be tailored to aid in creating a desired thermal depth profile in tissue being 
treated. However, no matter what the spectral shape may be, the light intensity in tissue, 
and the absorption and temperature profiles can only have a shape that is a sum of 
decaying exponential curves, since the absorption characteristic of each wavelength in 
skin follows a Beer's Law like profile. The consequence is that the thermal profile has 

30 the same basic shape, and that the spectral profile can only alter the general depth and 
strength of a Beer's Law-like thermal profile. 
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Useful bands for providing thermal remodeling can include 1 150-1400nm, and 
perhaps 1500-1850nm, and in fact light up to 3000 nm range can be beneficial. In the 
former, scattering is somewhat reduced with respect to 1064nm light in water, and the 
absorption depth in water is deep to moderate, ranging from 4-12. Considering the 
5 optical penetration depth that applies in skin, including the effects of scattering, the actual 
depth of penetration is approximately 3mm. In the latter, scattering is significantly 
reduced compared to 1064nm in water, and the absorption depth is relatively shallow (1- 
2mm). Light from 1350-1550nm is strongly absorbed and will only contribute to 
relatively deep epidermal heating. 

10 In one mode of treatment the desired result is to produce higher temperatures in 

deeper thermal layers relative to the temperature at the epidermis. Heat is primarily 
deposited in a Beer's Law type profile, which subsequently transfers heat to the bulk of 
the skin. Absent some cooling applied to the surface of the skin, the application of light 
energy would generally be higher in the epidermis than in the dermis. 

15 Figs. 2a-2b and Fig. 4 illustrates aspects of a filament lamp system 400 of an 

embodiment herein which can be used to deliver NIR light to tissue to provide treatment 
exposures. Fig. 3 shows an ergonomic handpiece 300 in which the filament lamp system 
400 is disposed. Fig. 2a shows a view of the filament lamp system 400 with some of the 
elements removed so as to be able to view elements in the system 400. Fig. 2b shows a 

20 view of an assembled filament lamp system which would be disposed in the handpiece 
300. In reviewing the Figs. 2 -4. Common reference numbers have been used to identify 
elements, where the same element is shown in various views represented by the figures. 
Fig. 4 shows a simplified cutaway view of the filament lamp system corresponding to 
Fig. 2a. The function of the filament lamp system is described in detail in connection 

25 with Fig. 4 below. However., a brief discussion of Figs. 2a-2b, and Figs. 3a-3b is 
provided initially to give an overview of the system. 

Fig. 2a shows the system 400. the system 400 includes a filament lamp 402, and 
surrounding the filament lamp is a flow tube 408. A housing is 412 is provided, and light 
from the filament light is transmitted through other optical components such as a filter 

30 422 and a sapphire block 420. The sapphire block 420 is cooled using thermoelectric 
coolers 428. The system also includes an LED 434 to indicate when tissue is being 
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treated. Fig. 2b corresponds to Fig. 2a, but shows additional copper cooling blocks 438 
secured against the thermoelectric coolers 428. These cooling blocks 438 can be supplied 
with cooling fluid, which operates to dissipate heat generated on the outer walls of the 
thermoelectric coolers 428. 
5 Figs. 3a-3b illustrate an embodiment of an ergonomic handpiece 300 with the 

filament light system disposed therein. The handpiece can consist of molded plastic 
pieces, or other suitable material. As shown the handpiece 300 has two molded plastic 
pieces 304 and 306. A cavity is formed between the molded plastic pieces, and the 
filament lamp system 400 is disposed in this cavity. Two apertures are providing the 

10 handpiece. One aperture is covered with a lens 302 through with light from the LED 434 
is transmitted. The second aperture allows the sapphire block 420 to protrude from the 
handpiece so that it can be pressed against the skin. Epoxy can be applied to the seam 
between molded plastic pieces and the sapphire block to improve the seal between the 
sapphire and the plastic. 

15 Fig. 4 shows a simplified cut away view of the system. The system includes a 

filament lamp 402. This filament incandescent lamp is an incandescent light source, and 
includes a filament 404. The filament lamp includes a quartz tube 406 in which a gas is 
disposed. In one embodiment the quartz tube 406 has a diameter of 10 mm. The length 
of the filament itself is approximately 22 mm, while the overall length of the lamp is 

20 approximately 4 inches. In order to obtain the desired light output the filament can be of 
a diameter of approximately .75 mm, and formed in to a helical shape having 
approximately 7 turns. The quartz tube 406 of the filament lamp is disposed within a 
flow tube 408 which can be formed with a transparent material such as glass or Pyrex. A 
fluid such as water is disposed within the cooling annular region 409 between the flow 

25 tube 408 and the quartz tube 406. This water can pumped through the annular flow 

region 409 by a pump and cooling system. In one embodiment the diameter of the flow 
tube 408 is 11 mm. Thus, the annular flow region 409 provides a spacing of 
approximately 0.5 mm between the outer wall of the quartz tube 406 and the inner wall of 
the flow tube 408. The water disposed in the flow region 409 can serve two purposes. 

30 One purpose is to cool the filament lamp. Given the relatively high power of the lamp, in 
one embodiment the filament lamp has an electrical rating of 400W, and the small 
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diameter of the lamp, and the confined geometry of the handpiece, traditional air cooling 
of the filament lamp is not possible. A second function of the water is to filter out some 
of the wavelengths of light generated by the filament lamp (through absorption). The 
amount of light filtered can be varied by providing flow tubes 408 with different 
5 diameters. In one embodiment different interchangeable handpieces could be provided 
where the systems disposed in the handpieces provide different thickness for the water 
envelop in the annular flow region 409. As the thickness of the water, which forms an 
envelop around the lamp is increased, the light transmitted through water will be subject 
to more absorption in the water, and thus less of the light at wavelengths which are 

10 absorbed by water will be transmitted through the flow tube 409. An umbilical connector 
410 will transmit electrical power and coolant fluid to the system 400. 

The filament lamp and the flow tube are disposed in a housing 412. The housing 
can be formed of a metal such as aluminum. The inner wall of the of the housing can be 
coated with a highly reflective metal, or it could be highly polished aluminum. In one 

15 embodiment a highly reflective gold coating is provided, where gold is used because it is 
highly reflective for NIR light. The housing is provided with a small aperture 414 which 
allows for a photodetector 416 to be disposed such that it can sense the light output power 
transmitted by through the flow tube 408. Depending on the sensitivity of the 
photodetector, and the output power, the photodector can be provided with an attenuator 

20 418. The reflective housing is coupled to a sapphire block 420. A filter 422 can be 

provided such that additional undesired light can be filtered out prior to transmitting light 
from the reflective housing 412 into the sapphire block 420. In one embodiment the filter 
422 is a non absorbing NIR and IR transmitting wavelength filter. The interface between 
the filter 422 and the sapphire block 420 is provided with an antireflecting coating on the 

25 surface of the sapphire block to minimize power loss which can occur as light is 
transmitted through the filter 422 into the sapphire block. The lateral sides of the 
sapphire block 420 can be coated with metal surfaces 426. These metal surfaces should 
be as reflective as possible to minimize losses as the light is transmitted through the 
sapphire block. It should be recognized that an embodiment of the system might be 

30 implemented without the metal coating on the sides, and the total internal reflection of 
the sapphire block could suffice, so long as other elements were not in direct contact with 
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the sapphire block. In one embodiment the metal used is Aluminum, as this metal has 
reasonably good reflective properties and easily adheres to the surface of the sapphire 
block. A cooling system is provided to control the temperature of the sapphire block, and 
the system can use thermoelectric coolers disposed on the metal surfaces 426. These 
5 thermoelectric coolers 428 operate to control the temperature of the sapphire block 420. 
The operation of thermoelectric coolers, which is known in the art, is such that by 
application of the electrical current to the thermoelectric cooler, one side of the 
thermoelectric cooler can be made cooler, while the other side of the thermoelectric 
cooler becomes hotter forming an electrically driven heat pump. In the embodiment 

10 shown, the cool side of the thermoelectric cooler is adjacent to the sapphire block. 

Additionally, although not shown in Fig. 4, cooling fluid can be used to remove heat from 
the side of the cooler which is not adjacent to the sapphire block 420. The sapphire block 
could be replaced with a block of different material, which would form a lightwave 
guide. Sapphire is, however, a desirable material for the system as it is a good transmitter 

15 of light, and it is also a good conductor for heat. In operation the outer surface 430 of the 
sapphire block is pressed against the area of the patient's skin 432 which is to be treated. 
The light 436 from the filament lamp is then transmitted into the patient's skin. 

As discussed above the umbilical cable connects to the lamp system to provide 
control signals, electrical power and cooling fluid to the system 400. Fig. 10 provides a 

20 view of an embodiment of a system 1000 herein. As shown the system 1000 includes a 
main console 1020. Although the main console is shown as a single unit, it could in fact 
be multiple components connected together. The main console includes a controller 1004 
which controls the overall operation of the other components of the system 1000. A 
power cord 1018 is provided to receive AC power, a power supply which can include a 

25 HVPS supply for driving the filament lamp, provides power to elements of the system 
1000. The main console also includes a user interface. In one embodiment this user 
interface 1008 is a touch screen display, and the controller is operable to drive the user 
interface 1008 to display different screens where a user can input treatment parameters. 
A cooling system which controls the temperature and flow of fluids which are used to 

30 control the temperature of components in the hand piece 1014. The power for driving the 
flashlamp, control signals and cooling fluids are delivered to the hand piece via the 
ATTY DOCKET: ALTU-1110 9 



PATENT 



umbilical cable 1012. The umbilical cable is connected to the main console via a 1010. 
This connector, can include multiple connectors to allow for multiple hand pieces to be 
connected to the main console at different times. The controller operates to recognize the 
handpiece which is selected by a user, and to provide appropriate user interfaces and 
5 controls the selected hand piece which is being used to apply a treatment. An activation 
switch 1016 such as a foot pedal is provided so that a user can initiate the driving of the 
light source by stepping on the foot pedal. 

Fig. 5 illustrates aspects of the operation of the system 400. The trace 502 shows 
an approximation of optical spectral power which is generated by the filament lamp 

10 without any filtering. As is known a quartz-tungsten-halogen filament lamp outputs a 
broad light spectrum approximating a black body radiation. By using a relatively heavy 
gauge tungsten filament the amount of NIR light can be increased over thinner gauge 
filaments, for a fixed input power. This is because the temperature that the radiating 
filament operates at for the input power is lower for larger gauge wires, and as is known 

15 the radiation temperature determines in large part the spectral curve. In order to achieve 
deep dermal heating for example up to approximately 4-6 mm, without damaging or 
burning the more shallow epidermal layers of the skin it is advantageous to filter out 
wavelengths of the spectrum which could be absorbed by more shallow layers of skin. 
The filter 422 operates to filter out light in the spectrum below approximately 1050 nm. 

20 The trace 504 shows the effect of filter 422 on the light generated by the filament lamp. 
It should be noted that the rapid follow off of the power in trace 504 at approximately 
1750 nm, is not in fact due to the filter 422, rather it is a limitation of the IR detector 
array used to measure the power output the filament lamp and in reality trace 504 would 
approximate the upper end of the trace 502. Trace 506 shows the irradiance of the light 

25 output where the filter 422 is filtering light below 1050 nm, and the water in flow tube is 
operating to filter out some of the light which is strongly absorbed by water. At 
approximately, 1450 nm, where water absorption coefficient of water is very strong, it 
can be observed that a large amount of the irradiance from the flash lamp is filtered out. 
It should be noted the shown rapid fall off of trace 506 at approximately 1750 nm is due 

30 in large part to the limitations detector used to measure the power, and in fact a more 
gradual decrease in the power would be present above 1750 nm. Depending on the 
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desired treatment, systems providing for a thicker or narrower water envelop around the 
quartz tube of the filament lamp can be used. Where heating of shallower layers of the 
dermis, or possible parts of the epidermis is desired the thickness of the water envelop 
can be reduced by, for example, using a smaller diameter flow tube. This will result in 
5 less absorption, or filtration of light by the coolant water in the range of 1450 nm, and 
this light energy which is not filtered would then be absorbed in the shallower layers of 
the dermis and the epidermal layer. Where deeper heating is desired, then it can be 
beneficial to increase the absorption of the light in the range of 1450 nm to reduce the 
absorption of this energy in the shallower layers in the skin. This allows for ability to 

10 keep the more shallow layers of the skin relatively cool, in part by reducing the light 

energy which would be absorbed in the more shallow layers of tissue. This reduction of 
the light which would be absorbed in the more shallow layers, and the cooling of the 
sapphire window to dissipate heat in the shallow layers of the dermis and epidermis, 
while still providing light energy that will propagate to deeper layers of the dermis, 

15 enhances the desired result of heating the deeper layers of tissue relative to more shallow 
layers of tissue. 

Fig. 6 shows a graph with a trace showing the absorption coefficient of water. As 
would is expected based on the discussion of Fig. 5, water has as very strong absorption 
coefficient at approximately 1450 nm. Fig. 7 shows a trace 702 that corresponds to the 
20 depth of light penetration into water. This graph illustrates that by filtering out light in 
the range of 1450 nm and at wavelengths above 1850 nm much of the energy which 
would be absorbed by the water in the shallow layers of the dermis or epidermis is be 
removed. 

Fig. 8 shows an idealized view of the temperature profile in dermatological tissue 
25 where an exposure treatment has been applied using a system and method herein. The 
goal of one treatment herein is to provide for heating in regions 802 and 804 to 
approximately 60 °C while regions 806 and 808 and 810 remain at much cooler 
temperatures due to the active cooling of the sapphire block and the filtering out of light 
which would be absorbed in the shallow layers of the dermis and epidermis. In one mode 
30 of treatment regions 802 and 804 would be in the depth range relative to the top surface 
of the tissue of approximately 1-4 mm. 
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To achieve the type of tissue heating described above consideration must be given 
to the temperature of the sapphire block and the driving of the filament lamp. When a 
user has activated the filament hand piece, by for example stepping on the activation 
switch 1016, the controller and power supply coupled to the filament lamp hand piece by 
5 the umbilical cable are activated to provide a treatment. In one embodiment the user will 
be able select an amount of fluence for a treatment exposure using the user interface 
1008. Once the user has selected an amount of fluence, the controller will determine how 
long the filament light source will be activated to generate light to output the desired 
fluence. The system is designed to provide a fluence range of from 10 J/cm2 to 50 

10 J/cm2. Of course these amounts could be modified if desired. Once the user has selected 
the desired amount of fluence, the hand piece 1014 is positioned so that the sapphire 
window is against the area of skin to which the exposure is to be applied. The user can 
then step on an activation pedal which will cause the treatment to begin. Upon stepping 
on the activation pedal, an LED 434 will light to indicate that the treatment has begun 

15 and that the user should not remove, or move, the handpiece and sapphire window 
relative to the area of patient's skin being treated. Initially, the system will operate to 
apply electrical current to the thermoelectric coolers and the temperature of the sapphire 
block will be brought to a treatment temperature. In one embodiment the treatment 
temperature is 20 °C, but this could be set to a different temperature. The cooled 

20 sapphire block will continue to be pressed against the patient's skin for the initial cooling 
period where the sapphire will operate to cool the surface of the patient's skin. In one 
embodiment this initial cooling period will last for period of approximately 1 second. 
After approximately 1 second the power supply will operate to provide electrical energy 
to the filament of the filament lamp for a period of time until the desired fluence as been 

25 delivered to the patient's tissue. Depending on the desired fluence light will be 

transmitted from the filament to the patient's skin for a period of time ranging from slight 
more than 1 second, an appropriate minimum could be for example around 1.2 seconds, 
and an appropriate maximum could be around 5 seconds. As will be discussed in more 
detail below, the power supply will stop applying electrical current approximately 1 

30 second prior to the end of the treatment exposure and the hot filament light will continue 
to emit light until it has cooled sufficiently. The amount of time for which the filament 
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radiates after current application is stopped depends on the thermal mass of the filament 
and the operating filament temperature, and can range form 0.1 to 2 seconds. During the 
application of the light from the filament lamp, the cooling system including the 
thermoelectric coolers will continue to cool the sapphire block, ideally keeping the 
5 temperature at the initial treatment temperature. After the filament light has stopped 
outputting the treatment exposure, the cooling system will continue to cool the sapphire 
block for a post treatment exposure time period, and the sapphire block will operate to 
dissipate heat from the patient's skin. The LED 434 will remain lit through the initial 
cooling time, the time when the treatment exposure is being applied, and through the post 
10 cooling time period. By keeping the LED lit, the user will know not to remove the hand 
piece and the sapphire block until the treatment exposure has concluded, and the post 
cooling time period has ended. In addition to the LED turning off to signal the end of a 
treatment, an audible signal could be provide to indicate to user that a treatment has been 
completed. 

15 Pig. 9 shows an example of the current and voltage used in driving the filament 

lamp. In driving the filament lamp, pulses of electrical current are used to drive the 
filament of the filament lamp. Fig. 9 shows the current output for driving a filament light 
source, and the corresponding power output 910 detected by the photodector which 
senses the power in the housing. In this example a filament light source would be driven 

20 with an initial pulse 908 of electrical current having duration of 100 ms, and a current 
amplitude of 50A, and then subsequent pulses 902 and 904 of electrical current. 
Depending on the desired operation of the system pulse widths of a wide range of 
different widths could be used, and the frequency of the pulses could be increased or 
decreased. The long initial pulse 908 is used to initially heat the filament light source, 

25 and rather than using one relatively long pulse a series of shorter closely spaced pulses 
could be used. Pulses 902 show 0.5 ms pulses and 904 shows a 1 ms pulse, the duration 
between pulses can be varied based on a signal from a photodetector which senses the 
optical output power, and/or based on a voltage sensed across the lamp. In one 
embodiment for example the applied electrical pulse would be such the output of power 

30 from the filament light would be + 1.5% of 16 watts. Thus, when the photodector sensed 
the power output dropped to a threshold level a 0.5 ms pulse of 50 A would be applied to 
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the filament light source. As shown in Fig. 9 each pulse of current would have result in a 
corresponding voltage applied to the filament light source. The system can operate such 
that toward the end of a 0.5 ms pulse, based on a sensed optical output power, or a sensed 
voltage across the lamp, a subsequent 0.5 ms pulse can be applied if the optical power or 
5 voltage has not reached some threshold value. Voltage pulse 914 and current pulse 904 
illustrate a situation where two 0.5 ms pulses are applied to form a single 1.0 ms pulse. 
Of course a wide range of different approaches could be used to drive the filament lamp 
to output the desired power. The output power from the filament light source is shown in 
Fig. 9 as detected by a photodetector as curve 910. The area 912 is a break in the time 

10 line, during which additional pulses would continue to be applied to the filament light 
source. The operation of the filament light source is such that it will continue to output 
electromagnetic energy for so long as the filament remains sufficiently hot. Thus, the 
curve 910 shows that optical power continues to be output by the filament light source 
even after the pulses of electrical current are no longer being supplied to the filament 

15 light source. In the example, shown in Fig. 9 for example where the last electrical pulse 
is applied at 2.5 seconds, the filament light source would continue to output a significant 
amount of output power up to about 3.4 seconds. 

The filament can also be driven continuously by a supply, it is not a requirement 
to pulse the filament current at intervals during the treatment. This was actually a method 

20 developed to obtain filament capability using the same power supply that drives 

flashlamps. Other variations and different methods could be utilized such as providing a 
higher current during the preheat phase of the pulse, in order to bring the lamp up to heat 
quickly. This could be combined into one long pulse with higher current in the beginning 
and lower current at the end. An alternate control method would be to control the voltage 

25 applied to the lamp. The voltage would ramp up at a controlled rate to limit the inrush 
current. Alternately the voltage control would be a step applied and the current limit of 
the supply would limit the current. 

The above described operation of the power supply driving a filament light 
source, illustrates an aspect of an embodiment of the present system. Specifically, a 

30 filament light source is normally considered a relatively low current, low voltage device. 
However, the filament light source can be driven with the same power supply which is 
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used to supply high current and high voltage that is required to drive a flashlamp. As 
describe above the ability to control the power supply to short pulses of relatively high 
current, allows for the controllable power supply to drive the filament light source in a 
manner for providing effective treatments. 
5 In another embodiment of the system herein, the filament lamp could be driven 

with lower current power supply which would apply a more continuous, but lower 
amplitude current to drive the filament. As one of skill in the art will recognize a variety 
of different power supplies could be used to drive the filament lamp. 

Fig. 11 shows a detailed view of an embodiment of system herein. Specifically, 

10 Fig. 1 1 shows a view of a high voltage power supply 1 106 which could be used to drive 
the filament lamp 1 104 in the handpiece 1 102 in the manner described above in 
connection with Fig. 9. As shown in detail in the US provisional application Serial No. 
60/540981, filed January 30, 2004, entitled SYSTEM AND METHOD FOR FLEXIBLE 
ARCHITECTURE FOR DERMATOLOGIC AL TREATMENTS UTILIZING 

15 MULTIPLE LIGHT SOURCES, AND FILAMENT LIGHT SOURCE TO BE USED IN 
COMBINATION WITH THE SYSTEM AND METHOD FOR FLEXIBLE 
ARCHITECTURE FOR DERMATOLOGICAL TREATMENTS, which is incorporated 
herein by reference, the power supply is very controllable and can operate to switch 
between and drive different types of light sources. In one embody the power supply uses 

20 a controlled chopper circuit with an inductive filter element 1 126, operating in a pulse 
width modulated controlled current mode (in which the current is controlled and the 
voltage is determined by the device impedance and the impedance of the filter). Power 
supply 1106 could be also operated in a pulse width modulated controlled voltage mode 
(in which the voltage is controlled and the current is not controlled) or in a controlled 

25 power mode (in which the voltage and/or current are controlled in a manner resulting in 
controlled power). 

In an embodiment herein, the controller of the power supply 1112 receives signals 
originating from the user interface 1114 and possibly sensors in the hand piece 
management unit which can determine when the handpiece 1 102 has been removed from 
30 a seated position, and based on these signals determines how to drive the filament lamp 
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when the user activates the filament lamp, by stepping on a foot pedal switch for 
example. 

The operation of the power supply will be described in the context of the situation 
where a user has removed the handpiece 1 102 from a hand piece management unit, and 
5 initiated the activation of the filament lamp 1 104 of the hand piece 1 102. In this situation 
when the hand piece 1 102 is removed from a resting or seated position and activated the 
filament lamp, the operation described above will be performed. 

The energy storage capacitor 1 122 is charged to by the main electrical supply 
1134 to a level allowing the desired energy to be delivered without unacceptable lamp 

10 voltage droop, where driving the filament lamp, at the desired current. When switch 
1 124 is closed current ramps up current through the filament lamp 1 104, inductor 1126, 
and switch 1 124. When the appropriate output power or current is reached, the controller 
1112 opens the switch 1 124 and the current now diverts to the diode 1 128. When the 
current flow or output power drops to an appropriate level the controller 11 12 again turns 

15 on the switch 1 124 and the cycle repeats until a pulse is complete. 

This toggling of switch 1 124 on and off during a treatment exposure results from 
the photodiode 1 132, or use of a voltage sensing circuit, determining that the optical 
power has reached a maximum value, and in response the controller opens the switch, 
and when the optical power drops to a low target level the switch closes, which increase 

20 the current through the filament lamp. It should be noted that as discussed in connection 
with Fig. 9, one embodiment operates with a central target for optical power of around 16 
W, however, the power supply operation could be adapted such that the power supply 
drove the filament to output both varying amounts of power and varying treatment 
exposures. Also the current sensor 1130 and photodiode 1132 can be used independently 

25 or in concert to control the optical power delivered to skin. 

Fig. 12 shows an embodiment of lamp herein 1200. Aspects of suitable QTH 
lamps are described above. As discussed above it is important to be able to obtain 
sufficient optical power from the lamp in order to obtain the desired heating. Many 
previously available filament lamps are of relatively large dimensions relative to a 

30 treatment exposure area, and it can be very difficult to utilize these previous designs to 
obtain the desired heating. To achieve higher power the dimensions of a filament lamp in 
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an embodiment herein have been changed relative to previously available lamps. The 
elements of a lamp 1200 illustrated in Fig. 12 illustrate significant dimensions of the 
lamp. The lamp includes a tungsten filament 1202. A portion of the filament 1202 is 
disposed in a quartz tube 1204, and the area inside the tube is filled with a gas 1206 
5 which can include halogen. The portions of the filament that are outside of the tube 1204 
can be partially sealed in tabs of the quartz tube which are not shown, and these tabs 
could be used to physically and electrically coupling the lamp 1200 with the other 
elements of the system. In one embodiment the length of the tube 1204 is about 2.4 
inches (60mm). In one embodiment the diameter of the filament is 0.75 mm, but a range 

10 of different thicknesses could be used. A center portion 1208 of the filament 1202 is 
formed in to a helical coil shape. In one embodiment the helical coil shape has a 
diameter 1210 which is approximately 6 mm. In one embodiment the tube diameter 1212 
is approximately 10 mm. The ratio of the diameter of the tube 1204 and the diameter of 
the helical coil 1208 is 10:6. This ratio is very different that previous filament lamps 

15 where a ration of greater than 10:1 is very common. Generally, filament lamps utilize 
air-cooling. Where air cooling is used it is important to maintain a sufficient area for 
cooling the lamp, and generally one way of ensuring sufficient area is to maintain 
relatively large tube diameter relative to the diameter of the coil. Generally as the ratio of 
the tube diameter to the helical diameter gets below about 5:1 it is believed that air 

20 cooling will no longer be sufficient to cool the lamp, when it is driven at currents which 
are necessary to output the optical power required for the thermal treatments described 
herein, and as the ratio becomes less (for example the 2:1) as is the case described in 
connection with the lamp 1200 shown in Fig. 12 the cooling issues must be addressed, 
and the required energy fluences are obtained. 

25 Given the ratio of the diameter of the tube to relative to the coil in the 

embodiment of the lamp discussed above, and the amount of current which is used to 
generate a treatment exposure, traditional air cooling would not be sufficient to keep the 
lamp cool enough so that it would not become damaged and fail. Thus, the flow tube and 
liquid cooling discussed above is utilized to cool the lamp. 

30 It should be recognized that the filament light source discussed herein is 

advantageous over some other light sources in that it is relatively inexpensive, and 
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outputs a broad spectrum of light in the NIR range. At present flashlamps do not appear 
to provide as good a source for producing a broad range of power in the NIR spectrum, 
but some flashlamps might be suitable to produce such a range of light, and could be 
considered for use in a system for providing deep thermal heating. 
5 While various embodiments of the present invention have been described above, 

it should be understood that they have been presented by way of example, and not 
limitation. It will be apparent to persons skilled in the relevant art that various changes in 
form and detail may be made therein without departing from the spirit and scope of the 
invention. This is especially true in light of technology and terms within the relevant 
10 art(s) that may be later developed. Thus, the present invention should not be limited by 
any of the above-described exemplary embodiments, but should be defined only in 
accordance with the following claims and their equivalents. 
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